ABSTRACT. Natural infection with larval Echinococcus multilocularis was recognized in one of eight Norway rats, Rattus norvegicus, caught indoors in 2009 in Ebetsu, Hokkaido, northern Japan. Cystic lesions were found in the right median and lateral lobes of the liver, with numerous alveolar cysts in the periphery of the lesions. Protoscolices were formed within large cysts. The laminated layers of the cysts were positive for PAS staining. Nested PCR using the primers specific for Taenia mitochondrial 12S rDNA yielded a 250-bp product, and the sequence of the PCR product matched that of E. multilocularis isolates from Hokkaido and Germany. This is the third natural alveolar hydatidosis in R. norvegicus in Japan.
Natural infection with Echinococcus multilocularis in Norway rats, Rattus norvegicus, has been described in three reports so far in the literature [3, 5, 8] . The first report revealed infection in four Norway rats in forest-steppe areas, Novosibirsk, Republic of Kazakhstan [5] . The other two reported a total of two infected Norway rats captured outdoors in Hokuto, formerly Kamiiso-cho, Hokkaido, northern Japan [3, 8] .
We report a case of natural alveolar hydatid infection in a Norway rat caught indoors in Ebetsu, Hokkaido, Japan. This is the third report of natural E. multilocularis infection in R. norvegicus in Japan.
In May, 2009, eight rats were captured in a livestock feed storage house of Rakuno Gakuen University in Ebetsu, Hokkaido, northern Japan. These rats were identified as R. norvegicus because their head and body length was longer than tail length and their auricles did not reach the eyes when bent forward. Autopsy revealed cystic lesions in the liver of one rat. This rat was female, weighed 160 g, and was young because the uterus showed no signs of previous pregnancy. The cystic lesions were found in the right median and lateral lobes of the liver, with numerous small alveolar cysts present in the periphery of the lesions (Fig. 1a) . Many protoscolices were formed within brood capsules in multilocular cysts (Fig. 1b) . The laminated layers of the cysts were positive for PAS staining (Fig. 1b) .
Total DNA was extracted from the cysts and protoscolices that were isolated separately from ethanol-fixed specimens and subjected to nested PCR amplification using mitochondrial 12S rDNA primers specific for the genus Taenia according to von Nickisch-Rosenegk et al. [10] . PCR yielded a band of about 350 bp on the first round and a band of about 250 bp on the second round, each corresponding to those from an E. multilocularis isolated in Hokkaido (Fig. 2) . Nucleotide sequence of the PCR product was essentially identical to those of E. multilocularis isolates from Hokkaido and Germany (Fig. 3) .
The source of the present infection most likely is fox feces and the site of infection inside the feed storage house. The storage house was infested with numerous Norway rats throughout the year. Its floor was contaminated with fox feces. Red foxes, Vulpes vulpes schrencki, were seen wandering within the school premises and invading the storage house through a broken part of the exterior wall, most actively during winter. The storage house stood close to the Nopporo Forest Park which is heavily contaminated by E. multilocularis. Lagapa et al. [4] collected fox feces in the park and revealed a high prevalence of E. multilocularis eggs or coproantigen throughout the year, with almost 30 and 57% of the feces positive for eggs and coproantigen, respectively, from November to December. These pieces of evidence indicate that the present infection occurred indoors through the feces of E. multilocularis-infected red foxes. Natural alveolar hydatidosis is not common in Norway rats. Its occurrences have been described in three reports in the literature [3, 5, 8] . The first report appeared in 1961 and described E. multilocularis infection in four of 50 Norway rats captured in foreststeppe areas, near Novosibirsk, Republic of Kazakhstan; the infected rats had no protoscolices [5] . The other two reported E. multilocularis infection in Norway rats captured in two consecutive years at the same garbage dump in Hokuto, southern Hokkaido, Japan [3, 8] . The 1992 report identified infection in one of 42 rats [8] , and the 1993 report found one of 78 rats infected [3] . These two rats were infected with larval E. multilocularis and had protoscolices in the liver cysts [3, 8] . Thus, the present report is the third describing natural E. multilocularis infection in Norway rats in Japan and probably the forth in the world. The prevalence of infection in the present study is higher than that in the above field studies. The prevalence was 8% in the Novosibirsk survey [5] , 2.4% in the 1992 report [8] and 1.3% in the 1993 report [3] of the surveys conducted in Hokkaido, Japan. In contrast, the prevalence in the present study was 13%, although the sample size was admittedly small. The low prevalence in these field studies suggests either a poor susceptibility of Norway rats to E. multilocularis or a low contamination of these fields with E. multilocularis. As for the susceptibility, an earlier attempt with intraperitoneal injection of E. multilocularis protoscolices failed to establish infection in white rats although the nature of white rats was not specified [11] . Inoculation by gavage of eggs from a Hokkaido isolate of E. multilocularis caused no infection in Wistar rats [2] . Only recently, a novel approach of implanting single vesicles of E. multilocularis in the liver succeeded in establishing hepatic lesions in Sprague-Dawley rats [13, 14] . With regard to environmental contamination levels, the Novosibirsk survey found 89 of 166 (54%) foxes infected with E. multilocularis [5] . The prevalence in foxes was not known in the area that Okamoto et al. [8] and Iwaki et al. [3] surveyed. However, E. multilocularis is endemic in Hokkaido, and its prevalence in foxes is generally high. For example, the prevalence of E. multilocularis coproantigen was 21% and over 50% in feces collected around fox dens in urban fringes of Sapporo, western Hokkaido [9] and of Koshimizu, eastern Hokkaido [6] , respectively. These findings suggest that although Norway rats are poorly susceptible to E. multilocularis, they can be infected when the environment is heavily contaminated. We speculate that the high prevalence in the present study is a result of a high dose of infection caused by heavy contamination of the storage house with feces of red foxes inhabiting the near-by Nopporo Forest Park, a high-prevalence reservoir of E. multilocularis [4] .
Our present findings indicate that Norway rats have a potential to be an intermediate host of E. multilocularis, suggesting that they can spread E. multilocularis and establish a life cycle of E. multilocularis in urban areas with domestic carnivores. Canine E. multilocularis infection outside Hokkaido was reported for the first time in 2006 in Saitama Prefecture, Honshu, Japan [12] . The second canine infection in Honshu was reported in 2016 in Aichi Prefecture [7] . An estimate describes that at least 30 pet dogs infected with E. multilocularis are annually brought into Honshu from Hokkaido [1] . Once the prevalence of E. multilocularis infection in dogs reaches the level where environmental contamination with E. multilocularis eggs is sufficiently heavy to infect Norway rats, these house rats can establish a life cycle of E. multilocularis in human residential areas with dogs.
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